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< EPA Developmental toxicity

Environmental Protection
Agency

< Endpoint: adverse effects of chemicals following maternal exposure
during pregnancy-lactation

< Cause: disruption of morphogenesis and differentiation via direct
(embryonal) or indirect (maternal) chemical targets

< Manifestation: traditionally evaluated in two lab animal species, usually
rat and rabbit, monitoring endpoints for:
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. fetal growth retardation (FWR)

. structural defects (malformations)

. fetal deaths (resorptions)

. functional deficits (latent disorders)
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“EPA Profiling developmental toxicity

Environmental Protection
Agency

In vivo endpoints (target, description)
www.epa.gov/ncct/toxrefdb

target: kidney
description: absent renal papilla
code: UG_REN_3.1060.5013

target: sternebra
~— description: incomplete ossification
code: SK_AXL_2.1099.5130

target: hindpaw
description: polydactyly (digit I

code: SK_APP_2.1051.5234 1
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images from www.DevTox.org

ToxRefDB 387 chemicals, 751 prenatal studies, 283 chemicals x 293 effects - 19 target
988 effects annotated (enhanced DevTox.org) systems from rat (m) and rabbit (@) studies

. SOURCE: Knudsen et al. (2009) Reproductive Toxicology
I C e i Toiconey  (in press) DO 10,1016 reprotox. 2009.03.016



SEPA New challenge: predicting endpoints with
E:l]\zftifgn%ztﬁtzl Protection Ce”—based (In VltrO) data

Agency

~75 pathways with =5 chemical hits 2
developmental endpoints

Fetal Weight Reduction (FWR)
226 chemical hits

chemical ffts 226 122 324 99 448
{rat + rabbit)

ToxCast assays
w
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wEPA Goal: predictive modeling & understanding

svromeniatroecion — [T)@CHANISMS Of developmental toxicity

Agency

virtual tissues
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o www.epa.gov/ncct/ o
in vitro assays _in vivo database

(ToxCast™) predictive signatures | (TOXRefDB)
293 effects

470 assays

chemical landscape
(ACToR)

309 chemicals
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EPA Computational ( in silico ) models

Environmental Protection
Agency

Tissues

Cellular

hanges  Network

VIRTUAL TISSUES PARADIGM
* local cell changes linked to pathway-level perturbation

* then propagated to a higher level by systems of interacting cells
» network state relationships ultimately determine the outcome

- Office of Research and Development
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SEPA Digital embryo: image-based
Eramare protecion F€CONStruction of a zebrafish embryo

Agency

future dorsal side

animal view

early embryonic development tracked with H2B-EGFP
by DSLM at 90s intervals over 18h

- Office of Research and Development Source: Keller et al. (2008) Science 322: 1065-1069 7
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<EPA Morphogenetic blueprint

United States
Environmental Protection

Agency
reverse-engineering the cellular dynamics in
optic vesicle formation
I (ice of Research and Development Source: Keller et al. (2008) Science 322: 1065 — 106
ational Center for Computational Toxicology
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United States
Environmental Protection
Agency

Toolbox of morphogenesis

Core developmental processes

e patterning (sets up future events)

e timing (clocks and oscillators)

» differentiation (cell diversification)

* morphogenesis (tissue organization)

Cellular primitives
 growth (proliferation)
 death (apoptosis)

o differentiation (function)
» adhesion (DAH)

* shape (geometry)

» motility (cell migration)
« ECM (remodeling)

- Office of Research and Development
National Center for Computational Toxicology

Morphogenetic movement

« folding MW

* epiboly

e convergent extension

* branching morphogenesis

» cell condensation

» cell sorting

* trans-differentiation

* cavitation - (T TTTT]]
|

e involution

e tractional forces

Directed cell movement
 contact guidance (boundaries)
 haptotaxis (ECM tracks)

» chemotaxis (chemical signals)

After: Bard (2005) J Anat 206: 1 - 16 9



‘Cells’ as autonomous agents:
SEPA J

example: somite segmentation clock

Environmental Protection
Aaencv

T T i) mind T 90 k) T3 {480 min} Calis with N-CAM

-\ & - a1 './ 1 . Cells with upreguiated N-cadherin
s | G so - 50 l Celts with high Ephiad

-

. Cells with low EphAd

Cells with low apheinB2

s o e = Cells with High ephrinB2
- Cells with unitorm N-caciherin and N-CAM
£1 %1 [T cetis with i Eptias or eptuingz

In silico model, CompuCell3D software
SOURCE: Glazier et al. (2008) Cur Top Dev Biol 81:205

Prenatal exposure, boric acid
SOURCE: John Rogers, RTD/EPA

. Hes1-EGFP time-lapse (3h) clock-wavefront

. SOURCE: Masamizu et al. (2006) PNAS USA 103:1313-18
- Office of Research and Development 10
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<EPA Early eye development

Environmental Protection
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series adapted from Chow end Lang, 2006

Zebrafish embryo
membrane: EGFP-CAAX
nuclei: H2A.F/Z-mCherry

SOURCE: CB Chien lab (2009)
http://chien.neuro.utah.edu/

Mouse embryo ) B >
Source: K Sulik "
http://www.med.unc.edu/embryo
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Gene network
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E678 - % |PURPOSE: The PAXE gene was first described as a candidate for human aniridia. However, PAXE expression is not restricted to the eye and it appears to be crucial for brain development
BB € |We studied PAYE mutations in a large spectrum of patients who presented with aniridia phenotypes, Peterss+ anomaly, and anterior segment malformations associated or not with
Bt s wace " pemr® [ neurslogical anomalies. METHODS: Patients and related families were ophthalmologically phenotyped, and in some cases neurologically and endocrinelogically examined. We screened the
Bt roes: mu Fiessmoss |PAYE gene by direct sequencing in three groups of patients: those afiected by aniridia; those with diverse ocular manifestations; and those with Peterss+ anomaly. Two mutations were
.. N by generating of the amino acid changes. RESULTS: Three novel heterazygous mutations aflecting three unrelated families were identiied: the
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Baofosss mes  iesuner The L4BP mutation was identified in affected patients presenting bilateral micraphthalmia, cataracts, and nystagmus. The S74G mutation was faund in a large family that had
rezfzee mas s | oongenital ocular diverse . and variable cognitive impairments. The 575del deletion (v481s#53) caused in the aflected members of the same family
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e cs Mt oo muration was dstected in a family with microphthalmia, cataract, and nystagmus. This mutation is Iocated in the DNArbinding paired-d and the cr of this
ozi Jescs it 825864 | mutation show that this mutation may affect the helix-tum-helix motif, and as a consequence the DNA-binding propetties of the resulting mutated protein. Ser74 is located in the PAXE PD
e et prorey [tinker region, essential for DNA recognition and DNA binding, and the side chain of the Ser74 contributes to DNA recagnition by the linker domain through direct contacts. Crystallographic
ot Ous  bewme |representations show that the SPAG mutation results in no side chain and therefore perturbs the DNA-binding properties of PAXE. This study highlights the severity and diversity of the
GE[ots Ouwa  Tserss |consequences of PAYE mutations that appeared to result from the complexity of the PAXB gene structure, and the numerous possibilities for DN binding. This study emphasizes the fact
s owz  wesis |that neurodevelopmental abnormalities may be caused by PAXE mutations. The neuro-developmental abnommalities caused by PAXS mutations are probably still overlooked in the current
wiifos Paz ez |clinical performed throushout the warld in patients affected by PAYE mutations,
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TM PubMed returned 5,889 records for ocular
genes in development across 4 species (rat,
mouse, zebrafish, human)
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Computing relevance scores for association of
gene-malformation in the eye based on co-
occurrence of DevTox terms in the abstracts
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EPA Developmental trajectory of lens:

United States

Er;\;ir:gcmental Protection TOXCaS'tTM module predlctlng eye defects
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EPA EPA’s Virtual Embryo !l"E“'“'“V"Wé 3

Environmental Protection
Agency

< Motivation: computational models to navigate complex relationships
In the embryo and predict key in vivo events from in vitro data

< Research goal: simulate embryonic tissues reacting to perturbation
across chemical class, system, stage, genetic makeup, dose and time

< Inputs: detailed knowledge of biochemical targets, molecular
pathways, cellular networks, and emergent phenotypes

< Outputs: modular reconstruction of specific systems (short-term) and
the human embryo (long-term)

- Office of Research and Development 15
National Center for Computational Toxicology
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